is found within a single exon. 2, 3 Previous studies have reported that the coding variations of the mammalian PRNP gene are associated with TSE susceptibility, but the bovine PRNP coding sequences is excluded. 2 In humans, an M129V polymorphism of the PRNP gene coding sequence is strongly correlated with susceptibility to variant CJD. [4] [5] [6] [7] In sheep, the polymorphisms, such as V136A, R154H, Q171R/ H/K polymorphisms within ovine PRNP gene were reported to be associated with susceptibility to the disease. [8] [9] [10] [11] [12] In goat, the M142I/T, N146S/D, H154R
and Q222K polymorphisms within the caprine PRNP gene are associated with an extension of the incubation period in an experimental model of classical goat scrapie. [13] [14] [15] [16] [17] [18] [19] [20] However, in cattle, none of the known polymorphisms within the PRNP coding region has a major influence on susceptibility to BSE, which is different when compared to other mammals. Interestingly, in the non-coding region of bovine PRNP gene, Sander et al revealed an association between susceptibility to BSE and a 23 bp insertion/ deletion (indel) polymorphism in the promoter and a 12 bp indel polymorphism in intron I using German BSE cases and control cattle. 21 This observation revealed a novel relationship between susceptibility to classical BSE and specific indel polymorphic sites in two regulatory regions upstream of the coding region of the mammalian PRNP gene. Since 2004, several studies have focused on the associations of promoter polymorphisms within PRNP gene with the susceptibility and incubation time for TSE in bovine. However, no study has focused on investigating the frequency of distribution of two indel polymorphisms within the PRN P pr omoter region an d their association with BSE susceptibility in Chinese dairy cattle population. It is well known that the main purpose of animal husbandry is the production of milk and meat for human consumption. Thus, animals with more meat and milk are favored to be retained, whereas animals with low productivity are eliminated. This fact can be corroborated by the rapid increase of commercial animal breeds and dramatic decrease of local animal breeds. Cemal et al reported that Turkish local gray cattle were a low productivity breed, but demonstrated the low-susceptibility against BSE-affected. 22 Moreover, low BSE susceptibility of gray cattle was significantly associated with rather higher frequencies of 23ins (0.62) and 12ins (0.80) alleles in the indel mutations within PRNP gene. This observation prompted us to consider the relationship between productivity and allelic frequencies of PRNP gene. To date, we are not aware of any relationship between the 23 bp and 12 bp indel polymorphisms and milk performance traits.
Therefore, the objective of this study is to investigate the 23 bp and 12 bp indel mutations within the bovine PRNP gene in Chinese dairy cattle. Moreover, associations of two indel polymorphisms with BSE susceptibility and performance traits will also be analyzed. These observations will lay the foundation for future selection of resistant animals, and for improving health conditions for dairy breeding against BSE in China.
MATERIALS AND METHODS

Samples and DNA extraction
Blood samples were obtained from 94 healthy and unrelated Chinese Holstein dairy cattle belonging to two different herds. The first herd was comprised of 33 individuals. The second herd has a total of 61 cattle, which were born between 1998 and 2000 and came from 8 fathers. The daughters of 8 sires were 14, 7, 7, 7, 7, 7, 7 and 5 animals, respectively. Cows were fed with a complete ration of artificially dried grass, corn silage and concentrates. 23 The dairy performance records including fat content (Fat %), protein content (Protein %), the total of fatyield (LTDF), the total of protein yield (LTDP), the total of milk yield (LTDM) and 305 d milk yield (M305), and other resistant breast mastitis traits involving somatic cell count (SCC), previous somatic cell count (PreSSC) and linear somatic cell count (LSCC), were obtained during the third lactation. Genomic DNA was isolated from blood samples using a phenol-chloroform method. Detection of the two indel polymorphisms by direct electrophoresis PCR products were electrophoresed through 10.0% polyacrylamide gel electrophoresis (PAGE) o n B i o R a d ( 8 0 × 7 3 × 0 . 7 5 m m , U S A ) , i n t h e presence of 1×TBE, and fragments detected using autoradiography. Simultaneously, the PCR products were also detected by electrophoresis in 4.0% agarose gel stained with ethidium bromide (EB).
24
PCR amplification
Statistical analysis
Genotype, allele and haplotype frequencies were estimated by counting, based on Lewontin (1988) . 25 Linkage disequilibrium (D, D' and r
2
) was calculated by SHEsis software. 26 Based on previous and present genotypic and allelic frequencies of two indels polymorphisms, distribution differences of frequencies between C h i n e s e H o l s t e i n a n d h e a l t h y / B S E -a ff e c t e d populations were analyzed using a chi-square test (χ 2 -test). The chi-square test was performed using the software of SPSS V13.0 (SPSS Inc., USA). According to previous reports, [27] [28] [29] [30] [31] [32] [33] Statistical association analysis was performed on records of performance traits in the second Holstein herd (n=61). The effects associated with season of birth (spring vs. fall), age of dam and sire were not included in the linear model, as the preliminary statistical analyses indicated that these effects did not have significant influence on variability of traits in the population. Therefore, the effects of genotype on the traits were analyzed by the least-squares method as applied in the general linear model (GLM) procedure of SPSS according to the following statistical model: Y ijk = μ+ Gi+ Rj+E ijk , where, Y ijk is the studied traits; μ is the overall mean; Gi is the fixed effect of the PRNP genotype; Rj is the fixed effect of season at the start of lactating; Eijk is the random residual effect. 23 As the ins/ins genotype is rare (n=1), only two genotypes were entered into the statistical analysis. According to the genotype distribution of two indel polymorphisms, the four combined genotypes (23 bp del/ins-12 bp del/ins, 23 bp del/ins-12 bp del/del, 23 bp del/del-12 bp del/ins, 23 bp del/del-12 bp del/del) were identified. Based on the above statistical model, the effects of these combined genotypes were evaluated except the rare frequencies genotypes.
RESULTS
We detected polymorphic DNA fragments at the 23 bp and 12 bp indel polymorphisms within PRNP gene in Chinese Holstein population. Frequencies of alleles and genotypes were investigated in analyzed population ( Table 1 ). The observed haplotype frequencies of 23 bp and 12 bp indel polymorphisms in Chinese Holstein populations could be found in Table 2 , as well as r 2 , D, D' and χ 2 values can be seen.
The Chi-square tests demonstrated significant distribution differences of genotypic and allelic frequencies in the 23 bp and 12 indel loci from all of the categorized data (P < 0.001 and P < 0.001, respectively). Compared with the frequencies of the 23 indel locus in several healthy and BSE-affected dairy populations (Table 3) , there were significant distribution differences between Chinese Holstein, healthy dairy and BSE-affected cattle (P < 0.05 or P < 0.01). In the 12 bp indel polymorphism, comparing with the several healthy and BSE-affected dairy populations (Table 4) , we found significant distribution differences of genotypic or allelic frequencies among Chinese Holstein, healthy cattle and BSE-affected cattle (P < 0.05 or P < 0.01).
A test to establish the relationships between the two indel polymorphisms and milk performance traits was performed. However, no statistically significant differences were observed among different genotypes and milk performance traits (P > 0.05) (Table 5) . Also, the associations of four combined genotypes of 23 bp and 12 bp indel polymorphisms with milk performance traits were performed in Chinese Holstein populations, but no significant differences were detected (P > 0.05) ( Table 6 ).
DISCUSSION
The prion protein hypothesis has suggested that changes in the expression of the endogenous PrP C might influence susceptibility to TSE and/or TSE incubation time. 34 Complying with this hypothesis, the level of PrP C expression in transgenic mice is inversely correlated with the incubation time for TSE. 35 The prion protein disease exhibits an interspecies transmission mechanism, such as from human CJD or vCJD to bovine BSE, from goat scrapie to cattle BSE, from sheep scrapie to cattle BSE. 29 Basically, bovine BSE can also be infectious between different cattle populations. Recently, an outbreak of bovine BSE occurred in May 2009 in Canada, which will increase the possibility of spread of BSE disease. Although there is no report about outbreak of bovine BSE in China, care should be taken to avoid infection of Chinese bovine from bovine BSE from other countries or other mammal TSE disease, and selection for resistant cattle could be a good strategy. Chinese Holstein dairy cow is the most important dairy breed for producing milk related products Notes: Figure 1A revealed the electrophoresis pattern of 23 bp indel locus of bovine PRNP gene; figure 1B revealed the electrophoresis pattern of 12 bp indel locus of bovine PRNP gene. "I" represented "insertion" and "D" represented "Deletion". Correspondingly, the "II", "ID" and "DD" represented the "Ins/Ins" genotype, the "Ins/Del" genotype and "Del/Del" genotype, respectively. "M" represented the "marker". At the 23 bp indel locus, the heterozygous mutation (ID) showed three bands, which might be heteroduplex DNA and did not affect the genotype identification. At the 12 bp indel locus, the heterozygous mutation (ID) show two bands (308 bp and 320 bp).
in China. And it is comprised of several different populations, such as Xi'an Holstein population and Beijing Holstein population. However, undertaking the serious case of trimeric cyanamide, the milk related products have been attacked with the decreasing number and production of Chinese Holstein dairy cow. In order to re-open the market of milk related products, the breeding of highly productive and BSE resistant dairy cows has been emphasized by the government of China. Previous researches demonstrated that in bovine, the 23 bp and 12 bp indel polymorphisms within the PRNP gene are associated with susceptibility to BSE. To date, however, no study has related these two indel polymorphisms within the PRNP gene in Chinese dairy cows. There is a gap in the knowledge of the PRNP gene polymorphisms related to BSE susceptibility and the importance of dairy cow for producing milk related products in China, it is essential to analyze the polymorphisms of the PRNP gene and their associations with BSE susceptibility and performance traits in Chinese dairy populations. Therefore, this study has focused on investigating the frequency of distribution of the 23 bp and 12 bp indel polymorphisms within the PRNP gene in Chinese dairy cows, and analyzing their possible associations with BSE susceptibility and performance traits, for the end goal of developing BSE resistant and perfect productive dairy breeds.
We have investigated the two indel polymorphisms in Chinese Holstein population, and found three genotypes and two alleles. The Chinese Holstein population possessing lower "ins" alleles in the 23 bp indel, was at the disequilibrium of Hardy-Weinberg (P < 0.05), which may have been related to the strong artificial selection. In the farm of the Chinese Holstein population, the elimination rate of low producing individuals was very high. The same strong artificial selection also occurred in farm of the Chinese Holstein population, which partly explains the popular heterozygous del/ins of the two indel polymorphisms in the Chinese Holstein population. The 23del-12del and 23ins-12ins were linked at a medium level in the analyzed populations. This observation similarly complied with the previous reported in other populations. 27, 31 Reporter gene assays have demonstrated that the 23 bp and 12 bp indel polymorphisms are connected with the expression levels of the bovine PRNP gene. 36, 32 The 23 bp and 12 bp indel polymorphic sites in the PRNP promoter contain binding sites for RP58 and SP1 transcription factors, respectively. Their function analysis revealed an interaction between the two transcription factors and lower PRNP expression levels of the allele harboring "ins" in the 23ins-12ins site compared with the other allele harboring "del" in the 23del-12del site. 36 The effect of the 12 bp indel polymorphism was recently confirmed in independent studies using German and UK cattles. 27, 32 Also, a haplotype consisting of 12 bp indel polymorphisms and SNPs is associated with the lowest expression level and has been shown to correlated with reduced PRNP expression and increased resistance to BSE. 32 These observations upheld that mutations potentially influencing the level of bovine prion protein expression might also influence the incubation time and susceptibility to BSE. Since 2004, a few studies have focused on the associations of the indel polymorphisms within the PRNP gene with the susceptibility and incubation time for TSE in bovine. Among the polymorphisms, three comments on influences of the two indel polymorphisms on bovine BSE have been found: positive influence, negative influence and breed dependent influence. 22 In Vietnamese dairy cattle, Muramatsu et al. 33 described that the frequency distributions of del allele and del/del genotypic polymorphisms in the 23 indel site, which are thought to be associated with BSE susceptibility, were significantly higher, whereas the frequencies of del allelic and del/del genotypic polymorphisms in the 12 indel site, which have been reported to confer BSE susceptibility, were significantly lower. According to the Chi-square test of this study, we found significant distribution differences of genotypic and allelic frequencies at 23 bp and 12 bp indel polymorphisms among Chinese Holstein populations and some healthy dairy populations from previously reported data. This finding suggested that Holstein populations from different countries have an effect on the frequencies of distribution of two indel polymorphism due to their different genetic backgrounds. For example, Muramatsu et al 33 described that the frequency distributions of the "del" allele and the "del/del" genotypic polymorphisms in two indel sites in Vietnam dairy cows was due to their specific genetic background. Herein, significant distribution differences of genotypic and allelic frequencies were also found between HN&XA Holstein population and Vietnam dairy cow, which confirmed the special genetic background of the Vietnam dairy cow. In addition, we also found significant distribution differences of genotypic and allelic frequencies of the two indel polymorphisms among the Chinese Holstein population and some BSE-affected populations from the previous data of the infectious regions. This seems to imply that the BSE susceptibility is significantly associated with the frequencies of distribution of two indel polymorphisms. The 23 bp del and 12 bp del alleles had a significant effect on the high-susceptibility of BSE disease in some breeds, but not in all breeds. This study supported the idea that the two indels influence BSE in a breed dependent manner. The main explanation of this finding is the fact that each breed has a different genetic background which affects their susceptibility to BSE disease.
The association analysis results revealed no significant effects of PRNP gene on performance traits of Chinese Holstein, which was in accordance with similar reports in sheep. 40 In the V136A, R154H, Q171R/H/K polymorphisms within the bovine PRNP gene, no effects of the sire genotype (ARR/ARR and ARR/ARQ) were found for any of the traits in Chios sheep. Moreover, the 60-day milk yield after weaning was not influenced by the genotype (ARR/ARR, ARR/ARQ and ARQ/ARQ genotypes on 136, 154 and 171 loci, respectively). These observations suggested that the two indel polymorphisms are neutral mutation regions, which do not affect the production traits. Therefore, the production traits are not important when considering the BSE resistance capabilities in dairy cattle. To summarize, the present work investigated the frequencies of distribution of the 23 bp and 12 bp indel polymorphisms of Chinese Holstein dairy cows, and revealed that the two indel loci did not affect performance traits. Moreover, this study supported the hypothesis that the influence of two indel polymorphisms on BSE was breed dependent.
